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$i_{Tt}^{\partial u_{-}}+P(D)u$ $=f(t, x)$ , $(t, x)\in \mathrm{R}^{n+1}$ ,
$u(0, x)$ $=u\mathrm{o}(x)$ , $x\in \mathrm{R}^{n}$ .
$u=u(t, x),$ $D=i^{-1}(\partial/\partial x_{1}, \ldots, \partial/\partial x_{n})$, $P(\xi)$ $\xi$ $m$ $(m>1)$
Schr\"odin.$\mathrm{g}\mathrm{e}\mathrm{r}$ $P(D)=\Delta$ Sj\"olin [16] Vega $[!7]$
$u_{0}(x)$ $L^{2}(\mathrm{R}^{n})$ 1/2
$\langle D\rangle^{1/2}u(t, x)\in L_{loc}^{2}(\mathrm{R}^{n+1})$ Schr\"odinger
$u_{0}(x)= \lim_{tarrow 0}u(t, x)$ $u_{0}(x)$
Constantin Saut [4]
(2) $| \frac{\partial P}{\partial\xi_{j}}(\xi)|\geq c(1+|\xi|)^{m-1}\cdot\frac{|\xi_{j}|}{|\xi|}$ , $\xi\in \mathrm{R}^{n},$ $|\xi|\geq R,$ $j=1,$ $\ldots,$ $n$ .
$c$ $R$ (1) $f(t, x)\equiv 0$
$u_{0}(x)\in L^{2}(\mathrm{R}^{n})$ $\langle D\rangle^{(m-1)/2}u(t, x)\in L_{loc}^{2}(\mathrm{R}^{n+1})$
(2)
[12] Ben Artzi-Klainerman [2]
$P(D)=\Delta$ $f(t, x)\equiv 0$
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$\lambda \mathrm{o}t^{\backslash }6_{0}s>1/2\not\in J\wedge f_{\sim}^{-}T\mathrm{f}_{\mathrm{B}}^{\mathrm{b}}\Re sRtf\mathrm{i}\mathrm{E}\Re T[]_{\vee}\sim*\backslash 1\llcorner T\mathrm{i}\mathrm{E}\emptyset\hat{\pi}\Re C\theta^{*}\backslash \hslash\not\in \mathrm{b}T$
(3) $\int_{0}^{T}\int_{\mathrm{R}^{n}}|\langle x\rangle^{-s}\langle D\rangle^{1/2}e^{it\Delta}u\mathrm{o}(x)|^{2}$ $dxdt\leq C||u0||_{L^{2}(\mathrm{R}^{n})}^{2}$
( : $s$
$\int_{0}^{\infty}\int_{\mathrm{R}^{n}}|(x\rangle^{-s}\langle D\rangle^{1/2}e^{1t\Delta}.u_{0}(x)|^{2}$ $dxdt\leq C||u_{0}||_{L^{2}(\mathrm{R}^{n})}^{2}$
$n$ 2 $s>1$ 3 $s\geq 1$
1 $s$ Schr..ffi.nger
$\{\xi\in \mathrm{R}^{n}||\xi|^{2}=\lambda\}$ $\lambda>0$ n–l \lambda $=0$






(4) $|\nabla P_{m}(\xi)|\neq 0$ , for $\xi\in S^{n-1}$ .
:
1 $\chi\in C_{0}^{\infty}(\mathrm{R}^{n})$ $x\in U$ $\chi(x)\equiv 1$ $U$
$C$ $T$ $.(\mathit{1})$ $f\equiv 0$
(5) $\int_{0}^{T}||\chi(\cdot)u(t, \cdot)||_{H^{(m-1)/2}}^{2}dt\leq C||u0||_{L^{2}}^{2}$
$P_{m}(\xi)$ (4)
(4)
2 $u(t, x)$ (1) $P_{m}(\xi)$ $()$
$s>1/2$ $s$ $T>0$ $C$
(6) $\int_{0}^{T}||\langle x\rangle^{-s}\langle D\rangle^{(m-1)/2}u(t, \cdot)||_{L^{2}}^{2}dt$
$\leq C(||u_{0}||_{L^{2}}^{2}+\int_{0}^{T}||\langle x\rangle^{s}\langle D\rangle^{-(m-1)/2}f(t, \cdot)||_{L^{2}}^{2}dt)$ .
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(2) (4) (2)






$\frac{\partial P}{\partial\xi_{1}}$ $=$ $3\xi_{1}^{2}+2\xi_{1}\xi_{2}-\xi_{2}^{2}$
$=$ $(3\xi_{1}-\xi_{2})(\xi_{1}+\xi_{2})$ ,
$\frac{\partial P}{\partial\xi_{2}}$ $=$ $\xi_{1}^{2}-2\xi_{1}\xi_{2}+\frac{1}{2}\xi_{2}^{2}$
$=$ $(\xi_{1}-\lambda_{+}\xi_{2})(\xi_{1}-\lambda_{-}\xi_{2})$
$\lambda\pm=(2\pm\sqrt{2})/2$ $\lambda_{\pm}\neq 1/3$ , –1 $P(\xi)$
(4) (2)








D0 $=\{x\in \mathrm{R}^{n}||x|\leq 1\},$ $k\geq 1$ $D_{k}=\{x\in \mathrm{R}^{n}|2^{k-1}\leq|x|\leq 2^{k}\}$
$\chi_{D_{k}}$
$D_{k}$
$B_{T}= \{u\in L_{loc}^{2}([0, T]\cross \mathrm{R}^{n})|||u||_{B_{T}}=\sum_{k=0}^{\infty}2^{k/2}||\chi_{D_{k}}u||_{L^{2}([0,T]\mathrm{x}\mathrm{R}^{n})}<\infty\}$ ,
$B_{T}^{*}= \{u\in L_{loc}^{2}([0, T]\cross \mathrm{R}^{n})|||u||_{B_{T}^{*}}=\sup_{k\geq 0}2^{-k/2}||\chi_{D_{k}}u||_{L^{2}([0,T]\mathrm{x}\mathrm{R}^{n})}<\infty\}$
$\text{ }$ ‘ $l_{\sim}^{\wedge}$ $s>1/2$ $\langle x\rangle^{-s}L^{2}([0, T]\cross \mathrm{R}^{n})\subset B_{T}$ and $B_{T}^{*}\subset\langle x\rangle^{s}L^{2}([0, T]\cross \mathrm{R}^{n})$
:
3 $u(t, x)$ (1) $P_{m}(\xi)$ (4)
T $C$
(8) $||\langle D\rangle^{(m-1)/2}u||_{B_{T}^{*}}\leq C(||u_{0}||_{L^{2}}+||\langle D\rangle^{-(m-1)/2}f||_{B_{T}})$ .
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[7] $x_{0}$ $U$ 1 $\omega_{0}$
$S^{n-1}$ $\delta$ $h(\xi)\in C_{0}^{\infty}(\mathrm{R}^{n})$
$|\xi|\leq 10^{-10}$ $h(\xi)=1,$ $|\xi|\geq 2\cdot 10^{-10}$ $h(\xi)=0$
$\lambda$ (x)
$u_{0}(x)=h( \delta^{-1}(\frac{D}{\lambda}-\omega_{0}))\delta(x-x_{0})$
$\mathrm{F}\mathrm{o}\mathrm{u}\mathrm{r}\mathrm{i}\mathrm{e}\mathrm{r}\mathrm{m}\mathrm{u}1\mathrm{t}\mathrm{i}\mathrm{p}1\mathrm{i}\mathrm{e}\mathrm{r}\text{ _{ } }1\mathrm{E}\theta^{\mathrm{f}}\text{ }u_{0}\text{ _{ }\mathrm{c}arrow \mathrm{C}\delta(x)\mathfrak{l}1\mathrm{D}\mathrm{i}\mathrm{r}\mathrm{a}\mathrm{c}\text{ }i’J\mathrm{s}\text{ }}-$\mbox{\boldmath $\tau$}aw\mbox{\boldmath $\tau$} Hh$\mathrm{f}\mathrm{f}\mathrm{f}\mathrm{f}\mathrm{i}(1(\delta^{-1}(\frac{D}{)\lambda}$ \mbox{\boldmath $\tau$}-#\mbox{\boldmath $\omega$}*‘0) ae\dagger f^fz\Re \emptyset affigu{\mbox{\boldmath $\tau$}(tffl,$x$)$|_{arrow \text{ }\mathrm{A}\mathrm{a}\text{ }^{}\wedge}\yen_{\backslash }\text{ }\mathrm{A}\mathrm{a}|\mathrm{g}$
$u_{0}$
$L^{2}-$ $||u_{0}||=c(\delta\cdot\lambda)^{n/2}$
$(x_{0}, \lambda\omega_{0})$ $u(t, x)$
(1) $u(t, x)$ $t$
$(x_{0}-t\nabla P_{m}(\lambda\omega 0), \lambda\omega 0)$
$||\langle D\rangle^{(m-1)/2}\chi(x)u||$
$x_{0}$ –t\nabla Pm( \acute 0) $U$ $U$
$d(\delta\cdot\lambda)^{n/2}\cdot\lambda^{(m-1)/2}$ $d=\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x_{0}, \partial U)$
(9) $T( \lambda)=\min(\lambda^{-1\dot{n}+2-\epsilon 0},$ $\frac{d}{2\lambda^{m-1}\cdot\sup_{|\omega-\omega_{0}|\leq 4\delta}|\nabla P_{m}(\omega)|})$





















(1) $u_{0}$ 0 $t<0$ , $T<.t$ $f(t, x)\equiv 0$
[8] [9]




$\Omega_{j}(j=\pm 1, \ldots, \pm n)$ $j>0$ \Leftarrow $\partial_{\xi_{j}}P_{m}(\omega)>0(\omega\in\Omega_{j})$ ,
$j<0$ $\partial_{\xi_{j}}P_{m}(\omega)<0(\omega\in\Omega_{-j}.)$ 1 $\varphi_{j}(\omega)$
$(j=\pm 1, \ldots, \pm n)$ $\varphi_{j}\in C_{0}^{\infty}(\Omega_{j}),$ $0\leq\varphi_{j}\leq 1$ $\omega$
$\sum_{j}\varphi_{j}(\omega)=1$ $\varphi_{j}$ $R$
$c$ ,’
$|\partial_{\xi_{j}}P(\xi)|\geq c|\xi|^{m-1}$ , $|\xi|\geq R_{\mathrm{k}}$ $\frac{\xi}{|\xi|}\in\Omega_{j}\cup\Omega_{-i}$
(4) .










$<\mathrm{p}\mathrm{p}$ 1 (4) $s>1/2$






$\int_{0}^{T}||\langle x\rangle^{-s}\{D)^{(m-1)/2}\varphi \mathrm{o}(|D|)u(t, \cdot)||_{L^{2}}^{2}dt$
$\leq$ $C_{s} \int_{0}^{T}||\langle x)^{\epsilon}\{D\rangle^{-(m-1)/2}f(t, \cdot)||_{L^{2}}^{2}dt$
$u(t, x)$ $f(t, x)$ decay m–l









$\frac{dF}{d\epsilon}$ $=$ $-\langle x)^{-1}\{D\rangle^{m-1}\psi(D)[x_{j}, G_{0}]\langle x\rangle^{-1}$
$=$ $-\langle x\rangle^{-1}x_{j}\langle D\rangle^{m-1}\psi(D)G_{0}\{x\rangle^{-1}-(x\rangle^{-1}[\langle D\rangle^{m-1}\psi(D),x_{j}]G_{0}\langle x\rangle^{-1}$
$+\langle x\rangle^{-1}\langle D)^{m-1}\psi(D)G_{0}x_{j}\langle x)^{-1}$
$0\leq\psi(\xi)\leq 1$ $\psi$ 2 $\psi(\xi)\leq\psi^{1/2}(\xi)$
$|\nabla\psi(\xi)|\leq C\psi^{1/2}(\xi)$
(10) $|| \frac{dF}{d\epsilon}||\leq C(||\langle D\rangle^{m-1}\psi^{1/2}(D)G_{0}\langle x\rangle^{-1}||+||\langle x\rangle^{-1}G_{0}\langle D\rangle^{m-1}\psi^{1/2}(D)||)$ .
1 $\epsilon 0$ $C$ $0<\epsilon<\epsilon_{0}$ $\epsilon!>0$ $\epsilon,$ $d$



















$\chi_{\ell}$ $\{x\in \mathrm{R}^{n}|\ell\leq x_{j}<\ell+1\}$
$||\chi_{\ell}\langle D\rangle^{m-1}G_{j,(\epsilon,\epsilon’)}(D)\chi_{m}||_{\mathcal{L}(L^{2}(\mathrm{R}^{n+1}}))$
$\epsilon,$
$\epsilon’,$ $\ell$ $m$ [11]
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